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Introduction {#sec001}
============

Colorectal cancer (CRC) is one of the most malignant cancers worldwide, with 1.4 million new case and 693,900 deaths in 2012\[[@pone.0182908.ref001]\]. According to recent report in China, 376,300 new case and 191,000 death occurred because of CRC\[[@pone.0182908.ref002]\]. Although the prognosis of stage I and stage IV is relative stable, while a large proportion of patients relapsed early of stage II and stage III CRC. Thus, the prognosis of stage II and III CRC is important for follow up and therapy selection. However, as main prognostic method, clinical staging system failed in predicting the survival of stage II and III. Thus, the molecular biomarkers for prognosis is urgently needed.

Long non-coding RNA (lncRNA) is a kind of newly discovered RNA, with no or little protein coding ability. On the other hand, lncRNAs plays important roles in carcinogenesis and cancer development, including CRC \[[@pone.0182908.ref003]--[@pone.0182908.ref007]\]. For example, Increased expression of the long noncoding RNA CRNDE-h was reported to have a poor prognosis in colorectal cancer, and the level of CRDE-h is positively correlated with IRX5 mRNA expression\[[@pone.0182908.ref008]\]. LncRNA ENST00000430471 was found to promote proliferation, migration and inhibit the apoptosis \[[@pone.0182908.ref009]\]. These findings indicate that lncRNAs play important roles in CRC prognosis.

Based on previous studies, one single biomarker is not sufficient to predict the survival of CRC patients. In this vein, we used multiple genes for prognosis of CRC stage II and III patients with Cox multivariate regression model. The patients with high risk score had a significantly shorter survival time than those with low risk score, and this finding was validated in another two independent cohorts, Furthermore, the risk score is independent from the other clinical information, and performs better than the other clinical information in prognosis of stage II and III CRC patients. The risk score is effective in estimating the survival of patients underwent chemotherapy or not. Gene Set Enrichment Analysis (GSEA) showed that cell adhesion related genes were differentially expressed between high and low risk group, suggesting that the risk score reflects the cell-cell interaction status.

Results {#sec002}
=======

Identification of survival related genes {#sec003}
----------------------------------------

We used GSE39582 microarray dataset, which consist of 481 patients with stage II and III CRC, to construct the training model. Univariate Cox regression were used to evaluate the correlation between gene expression and survival. After calculating the false discovery rate (FDR) according to the p value and false discovery rate (FDR) generated in previous step, FDR\<0.05 were retained for further analysis ([Fig 1a](#pone.0182908.g001){ref-type="fig"}). Ten genes were obtained for further analysis, including eight mRNAs (MARVELD2, ATP8A2, SCARA3, DCBLD2, PAEP, INHBB, ALPL, XRCC6BP1) and two lncRNAs (ENSG00000240476 and MIR31HG). Then, with the ten genes, we constructed risk score with Cox multivariate model, and the coefficients of each gene were shown in [Fig 1b](#pone.0182908.g001){ref-type="fig"}. It is noticed that the coefficients of MARVELD2 and XRCC6BP1 are negative, indicating that these two gene have tumor-repression ability while the other eight genes are cancer genes.

![Genes selected for risk score model.\
The -log 10 transformed p value for Cox univariate regression (A) and multivariate coefficient (B) for each gene was shown.](pone.0182908.g001){#pone.0182908.g001}

Performance of risk score in training dataset {#sec004}
---------------------------------------------

To evaluate the performance of our risk score, the survival of patients with high and low risk score were evaluated, using the median risk score as cutoff. The overall survival (OS) of patients with high risk score is significantly longer than those with low risk score ([Fig 2a](#pone.0182908.g002){ref-type="fig"}). In addition, recurrence free survival (RFS) difference was also calculated of the high and low risk group, and the result is consistent with the OS result. As shown in [Fig 2c](#pone.0182908.g002){ref-type="fig"}, patients in high risk score tend to early relapse, low expression of MARVELD2/XRCC6BP1, and high expression of the other eight genes. The 3-year survival receiving operating characteristic curve was also plotted according to age, gender, stage, and risk score ([Fig 2d](#pone.0182908.g002){ref-type="fig"}), the area under curve (AUC) was 0.669, 0.531, 0.542, and 0.732 (age and gender not shown). We also calculated the AUC ColoGuideEx in predicting three-year survival, and AUC was 0.564, indicating that the risk score performs better in predicting the prognosis of stage II-III CRC patients than other clinical information and ColoGuideEX.

![The performance of risk score on training dataset.\
The overall (A) and recurrence free (B) survival difference between risk-high and risk-low were shown. The detailed survival information and gene expression pattern of candidate genes were different in risk-low and risk high (C) group (Top panel, risk score, middle panel, survival status, bottom panel, candidate gene expression profile). The risk score performs better than other clinical information in predicting the 3-year survival.](pone.0182908.g002){#pone.0182908.g002}

Validation of performance of risk score in test datasets {#sec005}
--------------------------------------------------------

After locking the coefficients of aforementioned genes, we evaluated the risk score of another two independent datasets (GSE33113, and GSE37892) and only patients in stage II and stage III were included. The disease-free survival time (DFS) in GSE33113 of low risk patients was significantly longer than these with high risk score ([Fig 3a](#pone.0182908.g003){ref-type="fig"}, p = 0.0025). In consistent with this, Metastasis-free survival rate of patients in GSE37892 in low risk group was significantly longer than those high risk ([Fig 3b](#pone.0182908.g003){ref-type="fig"}, p = 0.00046). In consistent with the observation in training datasets, in the high-risk group, early disease recurrence was reproducible in GSE33113, and early metastasis were observed in GSE37892 ([Fig 3c and 3d](#pone.0182908.g003){ref-type="fig"}). In addition, the expression profile of the ten genes used for risk score evaluation was similar, in compared to the training datasets. These results suggest that the risk was robust in predicting the survival of stage II and stage III CRC patients.

![The performance of risk score in other two independent cohorts.\
The survival difference of risk-high and risk-low group in another two independent datasets, GSE33113 (A) and GSE37892 (B), resembles the profile of the training datasets.](pone.0182908.g003){#pone.0182908.g003}

Risk score, other clinical information, and chemotherapy {#sec006}
--------------------------------------------------------

In order to measure the correlation between clinical information and risk score, we compared the risk score with clinical levels ([Fig 4a](#pone.0182908.g004){ref-type="fig"}) in the GSE39582. The risk score is not significantly different between clinical levels, including age (60 as cutoff), gender, and stage (II and III). A nomogram was drawn considering age, gender, stage, and risk score to predict the 3-year incidence possibility ([Fig 4b](#pone.0182908.g004){ref-type="fig"}). The contribution of gender and stage is limited, while age and risk score contributed much more, these results indicate that the risk score performs better than other clinical information in predicting the survival of stage II and stage III CRC patients.

![The correlation between risk score and other clinical information and its performance in predicting survival time.\
The risk score is independent of other clinical information (A), and contributed more in predicting 3-year survival (B, 3-year survival nomogram). Risk score is effective for patients underwent chemotherapy or not.](pone.0182908.g004){#pone.0182908.g004}

Chemotherapy is one of the most common therapy method for CRC. In order to evaluate the correlation between chemotherapy and the risk score, we divided the patients (not) underwent chemotherapy into high risk group and low risk group using median risk score as cutoff. The overall survival rate of patients with chemotherapy ([Fig 4c](#pone.0182908.g004){ref-type="fig"}) and high risk score had a significantly shorter survival rate than these with low risk score. And the situation also occurred in the patients without chemotherapy ([Fig 4d](#pone.0182908.g004){ref-type="fig"}). These results indicate that the prognostic effect of risk score is robust and not influenced by chemotherapy.

Altered pathways in the high risk score patients {#sec007}
------------------------------------------------

The significantly altered pathways of high risk score group in contrast to the low risk group were assessed with Gene Set Enrichment Analysis (GSEA). The significantly altered pathways of high risk group include "focal adhesion", "ECM receptor interaction", "cell adhesion molecular cams", and "actin cytoskeleton" ([Fig 5a](#pone.0182908.g005){ref-type="fig"}). We noted KEGG pathways "focal adhesion" ([Fig 5b](#pone.0182908.g005){ref-type="fig"}) and "cell adhesion molecular cams" ([Fig 5c](#pone.0182908.g005){ref-type="fig"}) associated genes were significantly enriched, suggesting that cell-cell interaction related genes of high risk group were significantly altered, thus reflecting the high viability of these samples.

![The significantly altered KEGG pathways in the risk-high group.\
Among these pathways (A), focal adhesion (B) and cell adhesion molecular cams (C) was noted.](pone.0182908.g005){#pone.0182908.g005}

Discussion {#sec008}
==========

The prognosis of stage II and III CRC patients is currently difficult by using clinical information, including TNM staging, age, etc. Thus, the molecular subtyping for prognosis is critically needed for treatment determination. Although a lot of single molecular marker for stage II/III prognosis has been reported, the clinical performance across datasets is not very satisfactory. In current report, using Cox multivariate regression on GEO datasets, we report that ten lncRNA and mRNA based risk score successfully predict the survival of stage II/III CRC patients, and this finding is validated in another two independent datasets. Compared to other clinical information, the risk score contributed more, and performs better. In addition, the risk score is also effective for patients underwent chemotherapy or not, suggesting the robustness of our risk score.

Of these ten genes, we noted two genes, the coefficient of MARVELD2 and XRCC6BP1 are negative. In consistent with this, MARVELD2 a membrane protein associated with tight junction between cells \[[@pone.0182908.ref010]\], and it was reported to be a prognostic gene in hepatocellular carcinoma (HCC) and cholangiocarcinomas \[[@pone.0182908.ref011]\]. While little is know about XRCC6BP1, except that it is a subunit of ATPase \[[@pone.0182908.ref012]\]. Among the cancer genes, lncRNA MIR31HG was reported to be associated with proliferation and migration in breast cancer \[[@pone.0182908.ref013]\]. It is also reported to regulate p16 (25908244), and controls myoblast differentiation \[[@pone.0182908.ref014]\]. Other genes, SCARA3 was reported to be associated with poor prognosis in breast cancer, multiple myeloma, and prostate cancer \[[@pone.0182908.ref015]--[@pone.0182908.ref017]\]. PAEP was reported to be a new biomarker with immunomodulatory functions in non-small cell lung cancer \[[@pone.0182908.ref018]\], indicating the reliability of the candidate genes for risk score evaluation.

The significantly altered pathways include focal adhesion, and other related KEGG pathways, suggesting that the risk score reflected the cell-cell interaction status of CRCs.

Material and methods {#sec009}
====================

Data preprocessing and LncRNA matching {#sec010}
--------------------------------------

Raw data of GSE39582, GSE37892, and GSE33113 was downloaded in CEL format from GEO, then background correction, normalization with Robust Multiarray Averaging (RMA) were used on these data.

We downloaded the target sequences of probes (HG U133 plus 2) from Affymetrix official website (<http://www.affymetrix.com/>), and mapped the target sequence to the lncRNA sequences downloaded from ENSEMBL (<http://asia.ensembl.org/index.html>) with bowtie1 software (<http://bowtie-bio.sourceforge.net/index.shtml>) \[[@pone.0182908.ref019]\]. This mapping step allows no mismatch between Affymetrix probe target sequences and lncRNA reference sequences, and the only probes matched to the forward sequences (parameter -norc) were used for further analysis (strand-specific). Probes matched more than one lncRNAs were discarded. For lncRNAs matched multiple probes, the mean expression value was calculated and took as the expression level of corresponding lncRNAs. At last, 3505 lncRNA were used for further analysis.

For mRNAs, the gene symbols (HUGO gene symbol) provided by the HG U133 plus 2 annotation file and probes in datasets were matched, probes mapped to lncRNAs in the previous step were not used in this step.

Prediction gene selection and cox multivariate regression model {#sec011}
---------------------------------------------------------------

Cox univariate regression were performed in GSE39582 dataset. P value were calculated for each gene and corrected to false discovery rate (FDR) with method "BH". LncRNAs and mRNAs with FDR\<0.05 were retained for further analysis. Cox multivariate regression were performed to estimate the risk score with the ten genes obtained in previous step.

Statistical analysis {#sec012}
--------------------

All statistical analysis was performed on R software (<https://www.r-project.org/>, v3.0.1) and R packages. Normalization and background correction of affymetrix raw data were implemented with R package "affy". The survival analysis and cox probability hazard model was performed with R package "survival". The ROC curve were drawn with R package "pROC" \[[@pone.0182908.ref020]\], and the nomogram were drawn with R package "rms". The Gene Set Enrichment Analysis was performed with java software GSEA \[[@pone.0182908.ref021]\] (<http://software.broadinstitute.org/gsea/index.jsp>).
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